. Grasses are generally utilized heavily the first year after burning, but less intensely during the second. xffects of grazing pressures and burning on forage vegetation and soils were assessed in a la-year study on Louisiana range. Influences of experimental treatments on herbage yield and litter accumulation during the first 8 years were published in an earlier issue of the Journal (Duvall, 1962) . This paper presents final results and reports changes in ground cover, botanical composition, and physical properties of soil as induced by grazing.
Procedure
The area of study, on the Palustris Experimental Forest in central Lousiana, slopes 2 to 5% and has deep, medium-textured soils chiefly of For this study, eighteen 1/s-acre paddocks were constructed on a site that had been burned by wildfire a year previously.
Intermittent grazing by cows and calves began in April 1952, and averaged 140 days a year. Through 1960, six paddocks were grazed heavily, six were grazed moderately, and six were ungrazed. Moderate grazing aimed at utilizing 40 to 50% of current herbage averaged 15 animal-unit days per paddock per year, while heavy grazing averaged 30 animal-unit days.
During 1955, six paddocks were burned by controlled backfire in January, six were burned by controlled headfire in March, and six remained unburned.
The grazingburning combinations were replicated twice in a split-plot factorial, making a total of nine combinations. In 1960 backfire was eliminated and only the headfire was repeated, since no important differences had been detected between the two burning methods following initial application. After 1960, grazing was discontinued on blocks that had originally been backfired.
Herbage measurements were omitted on these blocks after 1959. Thus, during the final 4 years of study, burning-grazing combinations totaled six.
Herbage production and litter were measured at the end of each growing season by procedures described by Duvall (1962) . Ground cover and species composition were determined in the fall in 1952, 1957, and 1963 by use of a modification of the line-loop frequency procedure described by Parker and Harris (1959) .
Four 66-ft transects were permanently located in each paddock. Cover components were recorded for each of 100 3/-inch circular plots per transect.
In 1962 rate of water infiltration into soil was measured (Leithead, 1950) , and soil samples were taken from 0-to 4-inch, 6-to IO-inch, and 12-to 16-inch depths on all paddocks.
Laboratory determinations were made of specific gravity (Jenkins, 1947) ; texture (Patrick, 1958) ; bulk density; percolation rate (U.S. Salinity Laboratory Staff, 1954) ; and distribution of pore sizes (Hoover et al., 1954) .
Results atid Discussion

Herbage
Utilization. doubtedly, trampling and wastage was greater under heavy use, but the cattle in moderately grazed paddocks apparently consumed substantially more herbage than those in heavily grazed paddocks. In the heavily grazed paddocks, animals were evidently forced to utilize less palatable herbage and therefore ate less. Also, palatability loss by excreta was greatest on heavily grazed range.
Grass Production.-Grass comprised 97% or more of the herbage under all grazing intensities. The remainder consisted of forbs, except for a few grasslike plants and shrubs.
In the fall of 1952, grass yields were about the same on lands that had been grazed heavily, moderately, or not at all. Within 2 years, however, production on grazed range exceeded that on the ungrazed range by almost 1,000 lb/acre (Fig. 1) . After the burn in 1955, the difference between grazed range diminished. For the la-year period, grass averaged 3,239 lb/acre in moderately grazed paddocks and 3,351 lb in those heavily grazed. These values did not differ statistically, but they exceeded, at the 0.05 level, the 2,828-lb average on ungrazed range. Low yields for all grazing levels in 1954, 1960, and 1963 were attributable to less than average rainfall.
While yields on, moderately and heavily grazed paddocks did not differ significantly during the entire study, they differed during the period 1955 -59 (Duvall, 1962 . Thus, intense grazing benefited production between the third and eighth years, but not thereafter.
Over the 12-year period, fire did not greatly influence grass production.
Burning in 1955 significantly increased yields in ungrazed paddocks during the next three growing seasons, but grazed range was unaffected. The difference is attributed to reduction of litter: in an earlier study (Wahlenberg et al., 1939) , both slender bluestem and pine- This contrary result is attributed in part to sparse rainfall during the ensuing spring-less than half the long-term average-and possibly in part to the high volume of fuel, which generated enough heat to impair the regrowth of the vegetation.
Litter.-After the 1955 fire, litter averaged about 4,400 lb/acre annually on ungrazed paddocks, 2,100 lb on the moderately grazed, and 1,200 lb on the heavily grazed. These differences were significant at the 0.05 level.
Although each fire destroyed about 1,500 lb/acre on heavily grazed range, 2,500 lb on the moderately grazed range, and 5,000 lb on the ungrazed range, accumulations were near preburning levels within 2 or 3 years.
For the la-year period, therefore, burning did not significantly alter quantity of litter. Although yearly additions on unburned, ungrazed range averaged nearly 2,800 lb/acre, maximum accumulation -measured in 1956-was only about 5,650 lb/ acre. The 12-year buildup totaled slightly more than 3,000 lb/acre, with all but 600 lb consisting of new litter. From this it can be seen that dead herbage deteriorated rapidly; after litter accumulations reached 5,000 to 6,000 lb/acre, decomposition equaled or exceeded additions.
Ground Cover.-After the first grazing season, ground cover indices of live vegetation were similar for all use levels (Table  1) . They varied only from 48% on moderately grazed range to 53% on heavily grazed range.
During the ensuing 11 years, plant cover declined to 29% on. ungrazed paddocks and 40% on the moderately grazed paddocks. Reduction in grass density largely accounted for these changes. Under heavy use, total plant cover and cover by grasses alone remained relatively constant throughout the trial. Greater density of grasses on grazed paddocks probably accounted for the greater yield of these paddocks. Without grazing, litter and standing herbage apparently impaired establishment and growth of grass seedlings, thereby largely restricting production to older, widely spaced bunchgrasses.
Nonliving cover was mainly herb litter.
Ground cover indices of both old herbage and woody plant litter were greatest on ungrazed paddocks, lowest on those heavily grazed. Cattle feces covered slightly more ground on heavily grazed than on moderately grazed range.
Vegetational cover was affected little by burning.
Although each fire eliminated most of the nonliving material, these reductions were undetectable in the transect data because measurements preceded burning.
Botartical Composition.-Proportions of the major herb classes remained relatively constant, irrespective of grazing intensity (Table 2) . Throughout the study, approximately 85 to 95% of the total vegetation consisted of grasses.
Although total grasses were little affected by grazing, several 244 DUVALL AND LINNARTZ The only other species to show important reactions to grazing intensity was carpetgrass, which comprised only a trace of the vegetation in 1952. Although this species subsequently disappeared from ungrazed range, it increased on grazed range, particularly on that used, heavily. Thus, after 11 years of utilization averaging 67%, the proportion of this stoloniferous sod-former equaled that of the two, principal bunchgrasses combined. Production was greatest in paddocks having the highest proportion of carpetgrass, a n d consequently the greatest vegetation density. Generally, threeawn grasses were more common in grazed than in ungrazed paddocks. Since proportions fluctuated widely from one transect inventory to the next, response of these grasses to grazing intensity was difficult to assess. Slimspike threeawn (Aristida Zongespica), an annual, accounted for much of this variation. Proportions of arrowfeather threeawn (A. purpurascens), the only perennial threeawn encountered, were little affected by grazing.
Frequency of miscellaneous panicums -mainly spreading panicum (Panicum rhixomatum) roundseed panicum (P. sphaerocarpon), narrowleaf panicum (P. angustifolium), and woolly panicum (P. Zanuginosum)-was greater on ungrazed than on the moderately or heavily grazed range. However, differences owing to grazing intensity appeared small and relatively unimportant.
Except for cutover muhly (Muhlenbergia expansa)-a lowvalue perennial that increased on ungrazed range-no other grass comprised as much as 5% at either the beginning or end of the study.
The principal tall grasses, big bluestem (Andropogon gerardii), indiangrass (Sorghastrum nutans), and switchgrass (Panicum virgatum) showed little response to protection from grazing. These species are often among the first to decrease under heavy use, and are therefore generally expected to increase after grazing ceases. On paddocks ungrazed for 12 years, however, they collectively comprised less than 2% of the vegetation.
Grasslike plants, largely pinehill beakrush (Rhynchospora globularis var. recognita), were affected little, if any, by grazing.
The forb population remained reasonably stable throughout the experiment.
The failure of forbs to increase under heavy grazing was somewhat surprising, because weedy species usually infest areas of concentrated use. Bitter sneezeweed (Helenium amarum), woolly croton (Croton capitatus), and dogfennel (Eupatorium capillifolium) are especially common on overgrazed areas. Since none of these was encountered on transects in heavily grazed paddocks, utilization exceeding 65 to 70% is apparently necessary for their establishment.
With the exception previously noted, changes in botanical composition generally proceeded in orderly fashion.
Under moder-ate use, however, miscellaneous those burned. Similar relationSurface soil had the greatest bluestems increased sharply beships existed, however, when the volume of small pores in heavily tween 1959 and 1963 In the study area, storms porosity could not result from yielding 1.4 to 1.6 inches of rain of pinehill bluestem was greater grazing, leaving only the exin burned than in unburned padin 30 min average once annually planation that a chance variation docks, while unburned paddocks (Hershfield, 1961 
Conclusions
Grazed range consistently yielded more herbage than ungrazed range. During a substantial portion of the study period, production was greater under heavy than under moderate use. These findings are generally contrary to those reported from bluestem range areas receiving less rainfall (Ehrenreich, 1959; Riegel et al., 1963; Tomanek and Albertson, 1953) . Under heavy use, bunchgrasses dim i ni s h e d and carpetgrass increased sharply. This change, since it was accompanied by an increase in grass production, improved grazing capacity during the growing season. A high proportion of carpetgrass would be undesirable on range grazed during the entire year, however, because the high utilization needed to maintain it would leave little herbage for winter use.
Pinehill bluestem, considered the key management species on most sites, increased slowly on ungrazed range, and increases by big b 1 u e s t em , indiangrass, and switchgrass were negligible. Therefore, protection from grazing would have little practical value for improving species composition on cutover longleaf pine-bluestem range, except possibly where overuse has been severe.
During the 12-year test grass production, litter, vegetational cover, and botanical composition were little affected by burning.
Grazing was generally detrimental to water infiltration and percolation.
Both were reduced sufficiently to limit water intake during intense storms and curtail water movement through the profile during prolonged rains. Water losses were not serious enough to reduce herbage yields, even on heavily grazed range. Where soil is highly erodible or inherently low in rate of water movement, however, moderate grazing during the grazing season could seriously accelerate runoff and soil losses.
On forested ranges, utilization averaging 45 to 50% appears best. For the la-year period of this study, it stimulated grass production as much as heavy use, and without great changes in composition of forage vegetation. Since soils in most longleaf pine-bluestem ranges are fairly permeable and stable, moderate grazing should be reasonably compatible with other land-use objectives.
It not only impairs soil conditions less than heavier use, but leaves more herbage to protect the soil and provide a forage reserve for drought periods.
Other factors also favor moderate use. Campbell (1957) 
